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PREFACE 


The next six lessons will be devoted to the study 
of the I. B. M. type 402 accounting machine (also called 
a tabulating machine.) The machines discussed in 
previous lessons are used generally to create or pre- 
pare data for processing through the tabulator. The 
tabulator is the machine which will give us our final 
reports and statistics prepared in printed form. This 
machine can add and subtract, assemble and select 
data and print in a variety of formats . A photograph 
of the 402 is shown below. 
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Figure 1. The 402 tabulating machine. 
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13.1 OPERATING CHARACTERISTICS OF 
THE 402 


this cable is hooked into the summary- 
punch cable receptacle. 


Figure 1 illustrates the 402 tabulating ma- 
chine with the operating features numbered. 
Let us briefly discuss them. 

1. Main-Line Switch - turning this switch 
on supplies electrical current to the 
machine . 

2. Reading Table — this table is used by 
the operator to hold the documents and 
cards he is working with. 

3. Fuses — there are many delicate elec- 
trical circuits in the tabulator (as well 
as all other IBM machines.) The fuses 
are installed to protect these circuits 
from damage. 

4. Summary-Punch Cable Receptacle — it 
is possible to accumulate information 
in the 402 and then cause this informa- 
tion to be punched into an attached 514 
Reproducer. The reproducer is at- 
tached to the 402 by means of a cable - 


5. Non-Print Runout etc. - these switches 
and buttons are used to control special 
types of machine operations and will 
be discussed in later lessons. See 
Figure 2. 



Figure 2. 


6. Set-Up Change Switches — the opera- 
tion of the 402 is controlled by a con- 
trol panel. These switches permit the 
operator to change the panel's function 
without having to physically remove 
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any wires from the panel. See Figure 
3. 



Figure 3 . 


7. Print Unit — printing is accomplished 
from type -bars which are very much 
like the 552 Interpreter typebars. 
There are 88 typebars all told. Figure 
4 is a close-up view of the typebars. 



Figure 4. 


8. Tape Carriage — this unit is used to 
control the movement of paper forms 
through the machine. 

9. Control Panel— the 402 uses a "triple" 
panel. It is three times the size of the 
panels used on the Interpreter, Repro- 
ducer and Collator. 

10. Card Feed — cards entering the ma- 
chine are placed in this hopper, face 
down, 9 edge in. 

11. Card Stacker — after the cards have 
been processed, they enter the stacker. 

12. Start, Stop and Final Total Keys — the 
start and stop keys are used to start 


and stop the machine. The final total 
key is used to clear the counters (ac*> 
cumulators or registers) prior to start- 
ing a job or at the end of a job to cause 
accumulated figures to print. 

13. Signal Lights — these lights will turn 
on when the machine stops, when a 
card fails to feed, when a fuse burns 
out, or when the machine exhausts its 
supply of paper forms . Figure 5 is a 
close-up of these lights and the keys 
discussed in paragraph 12 above. 



Figure 5. 


13.2 THE PRINT UNIT 

The 402 prints information from 88 type- 
bars. See Figure 6. The 43 typebars to the 
left are called Alphamerical typebars. Each 
typebar contains all the letters of the alpha- 
bet (A-Z),the ten digits (0-9) and a special 
character (usually a "&" symbol. ) 

The 45 typebars to the right are called 
Numerical typebars. Each of them contains 
the digits 0-9 and a special character, either 
an "*" or a "CR" symbol. The 402 prints at 
the rate of either 80 or 100 lines per minute. 
All 88 typebars or any of them can print at 
one time. 



Figure 6. 
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13. 3 THE READING UNIT 

The reading unit is located right in back 
of and under the feed hopper. It consists of 
two sets of 80 brushes each. See Figure 7. 
The first set of brushes the card will pass 
under is called "2nd brushes or 2nd reading. " 
The second set of brushes that will read the 
card is called "3rd brushes or 3rd reading. " 
The card will then enter the stacker. 



Figure 7 . Path of the card through the 402. 


13.4 PRINTING 

The first operation we are going to study 
is the type of operation where we intend to 
print a line of information for every card 
passing through the machine. This type of 
operation is called "listing. " There are two 
types of listing operations: (1) Numerical 
listing — this type of listing operation is one 
where the information to be listed is numeri- 
cal only. Since all 88 typebars contain the 
digits 9-0, we can use any of them to print 
our data; (2) Alphabetical listing — here we 
expect that some of the data to be printed is 
alphabetical in character. Remember, that 
only the left-hand 43 typebars contain the al- 
phabetical characters A -Z . Therefore, we 
will have to print alphabetical information 
from these typebars. 

Each of the typebars is numbered and is 
referred to by number. (Remember, the 
typebars in the Interpreter were also num- 
bered. ) We select the typebars we want to 
print from. 


The alphamerical typebars are numbered 
from 1-43. The typebar on the extreme 
left is typebar 1 ; the typebar on the extreme 
right is typebar 43. The numeric typebars 
are numbered the same way from 1-45. 

Figure 8 is a diagram of the 402 control 
panel. Let us discuss those features of the 
panel which are used in our listing operation. 
(Note that the actual panel is approximately 
ll"xl9" in size). The diagram has been re- 
duced to fit within the size limitation of this 
page.) 

A) Second Reading (M-N, 1-40) — these 
hubs are exits for the impulses read 
from the card as it passes' under the 
2nd reading brushes. They are nor- 
mally wired to Normal Zone Entry (E) 
to signal to the machine that the infor- 
mation to be printed is alphabetical in 
character . 

B) Third Reading ( 0-P, 1-40 ) - these 
hubs are exits for the impulses read 
from the card as it passes under the 
3rd reading brushes. 

C) Normal Alphamerical Print Entry (Q, 
1-43) — these are entry hubs for im- 
pulses from third reading. To print 
alphabetic information, the zones ( 0, 
11 & 12 ) read by second reading and 
wired to normal zone entry are com- 
bined with the digits read by third 
reading and wired to normal alpha- 
merical print entry to form the alpha- 
betic character. To print numerical 
information from these typebars we 
would wire ONLY from third reading 
to normal alphamerical print entry. 
You do not wire second reading to nor- 
mal zone entry when the information in 
the card is numerical. 

D) Numerical Print Entry ( R, 1-44; S, 
44 ) — these are entry hubs which are 
wired from third reading to print nu- 
merical information. 

E) Normal Zone Entry ( L, 1-43 ) — these 
hubs are entry hubs for impulses read 
from second reading. They will accept 
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zone impulses only to position the al- 
phamerical typebars to print alpha- 
betic information. The impulses which 
enter these entry hubs are combined 
with the impulses which enter the cor- 
respondingly numbered normal alpha- 
merical print entry hubs to cause the 
printing of an alphabetic character. 

F) All Cycles ( HH, 41-50 ) — these hubs 
emit a machine -manufactured impulse 
for every machine cycle. They are 
normally wired to the "list" hubs to 
cause printing. 

G) List ( Z, 41-42 ) — these two hubs are 
entry hubs. When impulsed, they cause 
the typebars to rise and information to 
print. Note that the 402 unlike the in- 
terpreter will not print unless control 
panel wiring tells it to print. 

Sample Problem: 

Figure 9 represents a listed report which 
has been prepared from cards such as the 
one illustrated in Figure 10. As the in- 
formation required to be listed is numeric 
in nature , it can be printed from any of 
the 88 typebars. The typebars selected 
are those which will print the report in 
the desired format with spaces between 
the fields to offer better readability. 
Figure 11 is the control panel diagram 
required to do this job. 


PROOF LIST - SALES CARDS 

Invoice 
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Number 

i L 
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Item Amount 

12 18 3 

13 102 

1 

6 3-0 0 

12 18 4 

112 02 

3 3'2 0 

12 18 4 

2 3 3 03 

6|l 2 

12 18 4 

5 32 08 

1 9 4 0 
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3 2 10 4 

1 2 3|3 0 
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4 2 10 6 

2 4 1,5 0 
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6 2 10 9 
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1 5,3 0 
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3 3 2 0 4 
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12 2 0 4 

1 42 02 

1 3l2 0 
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2 17 5 0 


Figure 9 . 
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Figure 10. 
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Notes on Figure 11: 

A) The All Cycles impulse is wired to 
List to cause the typebars to print for 
every macnine cycle. 

B) The field invoice number (c. c. 34-38) 
is wired to numeric t. b. 1-5. 

C) The field commodity number (c. c. .62- 
66 ) is wired to t.b. 7-11. 

D) The field item amount ( c.c. 67-73) is 
wired to t.b. 13-19. 

As each card feeds through the machine, 
the information read at the third reading 
brushes is transmitted to the designated 
typebars and will print. 

A peculiarity of 402 numeric typebars is 
that they will print mechanical zeroes to the 
right of the units position of the fields being 
printed. In addition, zeroes which were 
punched in the high order position of a field 


will also print. See Figure 12 for an illus- 
tration of how printing would appear. The 
first two lines show how the extra zeroes 
would print. To eliminate these extra ze- 
roes, we make use of devices called ham- 
mersplit levers. There is a hammersplit 
lever for every typebar. They are located 
right in front of the typebars. See Figure 13 
for a close-up view of the hammersplit le- 
vers. 

To eliminate extra zeroes, raise the ham- 
mersplit levers which correspond to the units 
position of each field being printed. The last 
two lines on Figure 12 illustrate how the line 
would appear if the proper hammersplit le- 
vers were raised. They are raised using the 
key. 

In our problem as illustrated in Figure 
11, hammersplit levers for the numeric 
typebars 5, 11 & 19 would be raised. 


Alphamerical Numerical 
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Figure 12. 
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Exercise: Diagram the following exercise 
on the control panel diagrams provided. 
Check your solution with the school solu- 
tion which will be found in the back of this 
lesson: 

1. We are to detail print (list) a report of 
payroll deductions to appear as in Fig- 
ure 14 from cards such as the sample 
that is illustrated by Figure 15. Print 
the following fields in the typebars in- 
dicated: 



PAYROLL 

DEDUCTIONS 



Ded'r 

Ded'n. 

Dept 



Serial No. 

Code 

Amount 

1 

2 0 6 

1 

1 

3!7 5 

1 

2 0 6 

4 

4,9 2 

1 

2 0 6 

5 

1'5 0 

1 

3 42 

3 

2 !0 0 

1 

3 42 

5 

1'2 5 

1 

5 18 

1 

2 Jo 0 

1 

5 18 

4 

2 {5 0 

1 

6 15 

2 

2 10 0 

1 

6 15 

5 

1!5 0 

1 

703 

1 

2'5 0 

1 

8 9 3 

3 

2 ,0 0 

1 

8 9 3 

5 

1'7 5 

1 

10 7 5 

1 

1'2 5 

1 

10 7 5 

5 

1 ,'2 5 

1 

12 19 

1 

1|7 5 

1 

12 19 

8 

2 10 0 

1 

17 4 1 

5 

ljo 0 

1 

2 18 3 

1 

2,0 0 

1 

2 18 3 

3 

2'0 0 

1 

2 18 3 

5 

1 ,'2 5 

1 

2 4 7 0 

1 

1'7 5 

1 

2 4 7 0 

5 

1 12 5 

1 

2 4 92 

1 

li7 5 

1 

2 4 92 

2 

1 ] 7 5 

1 

2 4 92 

5 

1'5 0 

1 

2 8 9 6 

1 

1'7 5 

1 

2 8 9 6 

2 

1 '2 5 

1 

2 8 9 6 

3 

2 0 0 

1 

2 8 9 6 

5 

1'7 5 

1 

3 72 0 

5 

1'5 0 

1 

3 72 0 

9 

1 0'0 0 

2 

113 

2 

1'2 5 

2 

113 

4 

12 5 


Figure 14. 


a) Dept. #c.c. 14-16 in numeric t. b. 
1-3. 

b) Serial #c.c. 17-21 in numeric t.b. 
5-9. 


c) Ded'n code c.c. 22-23 in numeric 
t.b. 11-12. 

d) Ded'n amount c.c. 72-76 in numeric 
t.b. 14-18. 

e) Indicate on the diagram with an ,l x" 
the hammersplit levers to be raised. 


Sample Problem: 

In this problem we are going to illustrate 
the required wiring to print alphabetic in- 
formation. Remember that alphabetic in- 
formation can only be printed in the alpha- 
merical typebars. To print alphabetic in- 
formation, we must do two things: (1) the 
zone portion of the alphabetic characters 
will be read from second reading at the 
time the card passes under the second 
reading brushes and they will position the 
typebars to print alphabetic information 
(this is called "zoning" the typebars); (2) 
the numeric portion of the alphabetic field 
will be read at third reading, combined 
with the zone portion which was already 
read, and the alphabetic character will 
be printed. 

This problem requires us to list payroll 
master cards in the format illustrated in 
Figure 16. These cards (see sample card 
in Figure 17) have been sorted into se- 
quence by Serial No. and then by Dept. In 
other words, within each dept, the cards 
are in sequence by serial no. 

Figure 18 illustrates the diagram re- 
quired. 


Notes on Figure 18: 

A) All Cycles are wired to List to cause 
the typebars to rise and print for every 
card. 

B) Dept. no. c. c. 14-16 is wired to alpha, 
t.b. 16-18 to print this numeric field. 

C) Serial no. c.c. 17-21 is wired to alpha, 
t.b. 20-24. 
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GENERAL MANUFACTURING CO. 


I w:tK | YEAR | t, F | CODCl 
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I hereby authorize a total deduction of 
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SIGNATURE 

DO NOT WRITE BELOW THIS LINE 


Figure 15. 




PAYROLL MASTER CARDS 



Dept. 

Serial No. 

Employee Name 

Occup. 

Code 

Reg. Rate 


2 0 6 
3 42 

5 18 

6 15 

7 0 3 

8 9 3 
10 7 5 
110 3 

12 19 

13 02 
17 4 1 
2 0 9 2 
2 18 3 
2 4 7 0 
2 4 9 2 

2 8 9 6 

3 72 0 
113 
8 6 7 

13 9 6 
15 6 9 

4 4 8 2 
4 8 9 1 
6 6 0 1 


A S T U R 

A T C H ISON 

BAKER 

BILLINGS 

BRACKETT 

CASPER 

COLL INS 

CUNNINGHAM 

DAVENPORT 

D E N N IS 

ENGELS 

FARRELL 

FOSTER 

GRAHAM 

GRESHAM 

HENDERSON 

JOHNSON 

A C K E R L Y 

C A R G IN 

DR I S C 0 L L 

EDWARDS 

MURRAY 

OAKLAND 

R U G G L E S 


2 3 
117 


113 7 5 

ilooo 

3 2 5 
l'l 5 0 
l'OOO 
14 0 0 

12 5 0 
l'l 7 5 
1'2 0 0 
l'l 0 0 

|9 0 0 
1,3 0 0 
1.15 0 

13 5 0 
1.0 0 0 
1,3 2 5 
1(2 5 0 
1|5 0 0 

19 0 0 
HO 0 0 
HI 5 0 
1'2 0 0 
1,0 5 0 
|9 5 0 


Figure 16. 






















Figure 17 . 


D) Employee name c. c. 28-43 is wired to 
normal zone entry 26, 28, 30-43 to 
"zone the typebars"for printing alpha- 
betic information. Note how some 
typebars are unused to provide the ne- 
cessary spaces on the report. 

E) Employee name c.c. 28-43 is now 
wired to the correspondingly numbered 
alphamerical typebars to complete the 
wiring for printing the alphabetic field. 

F) Occup. code c.c. 9-11 is wired to num. 
t.b. 1-3. 

G) Reg. rate c.c. 22-25 is wired to num. 
t.b. 5-8. 

H) The required hammersplit levers are 
indicated. 

I) Note the use of the form layout to fa- 
cilitate preparation of the wiring dia- 
gram. The field heading and card 
columns are indicated over the select- 
ed typebars. A space equivalent in 
size to a typebar is provided between 
alpha, t.b. 43 and num. t.b. 1. This 
is called a ribbon guide. 

Exercise: Diagram the following exercise 
on the control panel diagrams provided. 
Check your solution with the school solu- 
tion. 


2. We are to detail print a report of Ac- 
counts Receivable Master cards. The 
report is illustrated in Figure 19; a 
sample card is illustrated in Figure 20. 
Print the following fields in the typebars 
indicated: 

a) Cust. #c. c. 39-43 in alpha t.b. 16-20. 

b) Cust. name c.c. 8-29 in alpha t. b 
22-43. 

c) Salesman no. c.c. 54-56 in num. t.b 
1-3. 

d) Indicate the hammersplit levers to be 
raised and also the field headings and 
card columns in the form layout por- 
tion of the diagram. 

Note: 

If, when attempting to print an alphabetic 
field, you wire only from second reading to 
normal zone entry, nothing will print from 
those lypebars. Should you wire from third 
reading to normal alphamerical print entry 
and forget to wire from second reading to 
normal zone entry, the numeric portion of 
the alphabetic character would print. When 
printing a mixed alpha-numeric field, like 
an address — "1234 North Main St. " -you 
wire it as though it were a whole alphabetic 
field. Since the digits have no zone punch, 
they will print as digits. 
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GENERAL MANUFACTURING COMPANY 


ACCOUNTS RECEIVABLE MASTER CARDS 


Customer 

Number 


12 8 1 
2 17 9 

2 2 8 3 

3 0 7 6 

4 12 3 
6 19 5 

6 8 4 3 

7 7 9 2 

8 0 6 2 
8 2 5 7 

1 0 7 2 3 
119 0 5 
119 3 4 
119 7 5 
14 9 10 
1 5 03 5 
1 6 7 7 1 

1 92 8 5 

2 12 17 
2 9 0 3 1 
2 9 13 4 


Sales - 


Customer Name 


AMERICAN STEEL CO 
APALACHIN LUMBER CO 

B J E SERVICE C0RP 

BARRETT MACHINE 
BENSON MFG CO 
BROWN AND WILLIAMS 
BUNDLEE INC 
BYRNE AUTOMOBILE CO 

CASTLE HARDWARE CO 
CENTRAL UNION SUPPL 

CENTRAL VALLEY CORP 

CHALLIS ALMERS 
CHANEL WHOLESALE CO 

CHENANGO RAILROAD C 


CASTLE H 
CENTRAL 
CENTRAL 
C H A L L IS 
CHANEL W 
CHENANGO 
C H 0 L M A R 
COLUMB I A 
COOK AND 
COVENTRY 
CRESCENT 
DENNIS M 
D E P 0 S IT 


E CO 
SUPPLY 
CORP 


0 RAILROAD 
FURN ITURE 
A MFG CO 
D EDWARDS 
Y OIL 
T BELT CO 
MFG CO 
D I S T CO 


C 0 
C 0 
C 0 


Figure 19. 
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GLOSSARY 


All Cycles — Each of these hubs emits a 
machine manufactured impulse for every 
machine cycle. 

Alphabetic Field — Any field which consists 
wholly or partly of alphabetic characters. 

Alphamerical Typebars — There are 43 al- 
phamerical typebars. They can be used to 
print either alphabetical or numerical data. 
They are normally wired from third reading. 

Detail Printing — A tabulating function where 
each card being processed will create a line 
of printing. 

List Hubs — Entry hubs which when impulsed 
will cause the typebars to rise and print. 

Listing — Another term used to denote a de- 
tail printing job. 

Hammersplit Levers — Devices used to pre- 
vent extra zeroes from printing on a report. 
There is a hammersplit lever for each of the 
88 typebars. 


Normal Alphamerical Print Entry — entry 
hubs used to cause printing from the alpha- 
merical typebars. 

Normal Zone Entry — Entry hubs which are 
used to "zone" the typebars as part of the 
alphabetical printing report. 

Numeric Field — A field which consists 
wholly of digits . 

Numerical Print Entry — Entry hubs used to 
cause printing in the numeric typebars. 
There are 45 numeric typebars. 

Second Reading — the name given to the 80 
brushes which first read the card. They are 
used to read zone punches which are directed 
to normal zone entry. 

Third Reading — the name given to the 80 
brushes which next read the card. Impulses 
from third reading are wired to either alpha- 
numerical or numerical typebars to cause 
printing. 
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EXAMINATION - LESSOR 13 


1. The 402 accounting machine contains: 

A. 43 typebars 

B. 45 typebars 

C. 80 typebars 

D. 88 typebars 

2. Cards enter the machine — 

A. face down, 9 edge in 

B. face down, 12 edge in 

C. face up, 9 edge in 

D. face up, 12 edge in 

3. The first station which reads the card is 
called: 

A. first reading 

B. second reading 

C. third reading 

D. all of the above are incorrect 

4. How many numeric typebars are there: 

A. 43 

B. 88 

C. 45 

D. 80 


5. How many alphabetic typebars are there: 


A. 

43 


B. 

45 


C. 

80 


D. 

88 


Answer 

the following questions 

True or 

False. 

If True, mark an X in 

Box A; if 

False, 

mark an X in Box B. 



6. It is possible to print numerical infor- 
mation from any typebars. 

7. It is possible to print alphabetic infor- 
mation from any typebar. 

8. Second reading is normally wired to 
normal zone entry. 


9. Detail printing means printing a line for 
every card passing through the machine. 

10. The All Cycles hub emits an impulse for 
every machine cycle. 

11. To print a numeric field, you must zone 
the typebars. 

12. Hammersplit levers are used to cause 
zeroes to print. 

13. A mixed alpha-numeric field is wired 
the same way a wholly alpha field would 
be wired. 


Refer to Figure 21 and answer the following 

questions True or False. 

14. c.c. 10-13 is an alphabetic field. It is 
wired correctly. 

15. Assume c.c. 10-13 contains the letters 
"ABCD. " The 402 would print this as 
"1234. " 

16. c.c. 20-22 is an alphabetic field. It is 
wired correctly. 

17. c.c. 30-35 is an alphabetic field. It is 
wired correctly. 

18. Hammersplit lever numeric 20 would be 
one of the hammersplit levers raised 
for this listing. 

19. This is a detail printed report. 

20. It would be correct to lift hammersplit 
levers for alpha typebars 8, 25 and 40, 
and numeric hammersplit lever 20. 
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14. 1 ADDITION IN THE 402 

Addition is the accumulation of individual 
amounts to obtain totals. The type 402 tabu- 
lating machine has special devices in it 
which can add amounts and arrive at totals 
for these amounts. These special devices 
are called "counters. " The operation of a 
counter is similar to that of an automobile 
speedometer. It contains a group of wheels 
each of which can add up to 9. When a wheel 
reaches its maximum total of 9 it causes a 
"carry" of one to enter the wheel to its left. 
Figures la-d illustrate counter wheels and 
their operation. 



Figure la. A counter wheel. 

1. Figure la illustrates a single counter 
wheel. As information enters the 
counter, the wheel will turn and in- 
crease. 


m 

'4j0j°j4j 
Figure lb. A group of counter wheels. 

2. Figure lb illustrates a group of count- 
er wheels. This represents a four- 
position counter and could add to a 
total of 9999. 




Figure lc. Counter wheels change 
as a 1 is added. 

3. Figure lc illustrates a six -position 
counter which contains the total 9999. 
Adding one to this counter causes the 
total to change to 10000. 


High-Order Position Low-Order (or units) Position 



4. In our discussion of counters and addi- 
tion we will refer to a counter using 
the terms high-order position and low- 
order position. The low-order posi- 
tion of a counter is its units position. 
The high-order position of a counter is 
its left-most position. If you recall, 
we used these terms when we describ- 
ed "card fields" in earlier lessons. 
Figure Id illustrates a six -position 
counter with high-order and low-order 
positions indicated. 

The 402 contains a maximum of 16 count- 
er groups which all told contain 80 counter 
wheels. Each counter is assigned a number 
and a letter. The number indicates how many 
counter wheels are in the counter. The let- 
ter is used to merely identify the particular 
counter. Figure 2 illustrates the designa- 
tions of all our counter groups. 


2A 

4A 

6A 

8A 

2B 

4B 

6B 

8B 

2C 

4C 

6C 

8C 

2D 

4D 

6D 

8D 


Figure 2. Counter groups. 


Addition in the 402 is accomplished very 
much like addition in a typical adding ma- 
chine. Figure 3-6 illustrate how adding is 
accomplished in an adding machine. There 
are four required steps. First, information 
is entered into the machine by depressing the 
proper key (see Figure 3); then, the machine 
is told to add by pulling the handle down 
(Figure 4); at the time the machine adds ; 
the information being added is printed (Fig- 
ure 5); finally, the total is printed by de- 
pressing the total key and pulling the handle 
(Figure 6). 


I 






Figure 3. Reading. Figure 6. Getting a total. 



Figure 4. Adding. 



Figure 3. Printing. 


Let us take our four basic add functions 
and see how they are accomplished in the 
402. 

1. Information must first enter the count- 
er. This is accomplished by wiring 
the field to be added (from third read- 
ing) into the selected counter group. 
See Figure 7. 



Figure 7. Information enters a counter. 

2. The counter must be told to add. This 
is accomplished by wiring an add im- 
pulse into a counter plus hub. Each 
counter group has a plus hub. See Fig- 
ure 8. 

Add Impulse 



Figure 8. The counter is told to add. 

3. To cause the information which is add- 
ing in the counter to print, we wire 
from the counter exit hubs of the count- 
er being used to selected typebars. See 
Figure 9. 
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4. The fourth and final step is to cause 
our total to print. The 402 will manu- 
facture an impulse which is wired to 
the counter total hubs of the counter 
beingj used. The total will come out of 
the counter exits hubs and print in the 
selected typebars. See Figure 10. At 
the same time, the counter group will 
be restored to zero. 


Total Impulse 



The first step in addition is to wire the 
field to be added into a selected counter 
group. Note that you can select any counter 
group to accumulate your cards provided that 
the group is large enough to accommodate 
your maximum total. For example, if you 
are accumulating a sum which you expect 
may be a maximum of six digits (999999), 
you would use any of the six or eight posi- 
tion counters. You would not use a four or a 
two position counter as it would not be large 
enough to hold your total. 


positions of the total being accumulated. See 
Figures 11 and 12. 


30 THIRD READING 40 

ooooooooooo 
70 75 80 



Figure 11. A card field is read by the third 
reading brushes into the counter. 


^ High Order — 

4 

' h 
1 

\ 

Units Position 


1 

1 

(Low Order) 


Figure 12. Positions in a card field. 


Let us refer to Figure 13, our 402 dia- 
gram, and examine those hubs which are 
used as part of our add operation. 

A) The 402 has two sets of hubs which are 
exits from the third reading brushes. 
The first set (0-P, 1-40) was used in 
our listing operation. The other set 
(DD-EE, 1-40) is used in our add op- 
eration. Note that this use is merely 
for convenience. Either set of third 
reading hubs can be used for listing or 
adding. Our first step in an add opera- 
tion is to enter information from our 
cards into our selected counters. The 
formation to be added is read from the 
cards at the time they are passing un- 
der the third reading brushes. 


When placing your information into the 
counter, the units position of the field being 
added enters the units position of the select- 
ed counter, the tens position of the field en- 
ters the tens position of the counter, etc. 
Some of the high order positions of the count- 
er may not be wired from third reading. 
These are used to contain the high order 


B) Information enters the counters through 
the hubs called "counter entry. " These 
hubs are located on the diagram at 
Z-CC, 1-40. Note that each counter 
group carries its designating number 
and letter. There are two common en- 
try hubs for eachposition of the count- 
er, 
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C) The second step in an add operation is 
to tell the counter to add. Remember, 
it is not enough that information enter 
the counter — it must be told to add. 
A set of hubs called "card cycles" emit 
an impulse for each card that is pass- 
ing through the machine. This impulse 
will be used to signal selected counter 
groups to add. Note here that there is 
a difference between "card cycles" and 
"all cycles" (HH, 41-50) which was 
used in our listing operation. The "all 
cycles" hubs emit impulses for all ma- 
chine cycles — this is, when cards are 
being read and when totals are being 
printed; the "card cycles" hubs emit 
impulses ONLY when cards are being 
read —they do not emit an impulse for 
those machine cycles when totals are 
being printed. 

D) Each counter group has two common 
counter control "plus" hubs, (S-T, 
51-66). Counter control plus is nor- 
mally wired from card cycles to cause 
those counters which are impulsed to 
add the data entering their counter en- 
try hubs . 

E) When a counter is adding, the informa- 
tion which enters the counter entry 
hubs will be available out of that count- 
er 's exit hubs and when wired to se- 
lected typebars, will print. Counter 
exit hubs on the diagram are at S-V, 
1-40. 

F) The hubs labelled "final total, " (BB, 
42-44 emit impulses when the final to- 
tal key (located near the start and stop 
keys) is pressed. This impulse is used 
to cause the total, which is standing in 
the counter, to print. 

G) Each counter has two common "total" 
hubs (GG-HH, 51-66.) When the count- 
er's total hub receives an impulse that 
counter is "cleared," that is, the a- 
mount standing in the counter is emit- 
ted through the counter's exit hubs and 
the counter is reset to zeroes. One 
way of clearing a counter is to wire the 


final total impulse to the selected 
counter's total hub, and then press the 
total key. A total of this type is called 
a "manual total" since the machine re- 
quires the operator's assistance to 
cause the total to print. We will soon 
discuss the method whereby we can ob- 
tain automatic totals without operator 
intervention. 

Sample Problem: 

We have an amount field which is punched 
in c. c. 2-6. We are to add all cards, list 
each card as it is being added and print 
the total of all cards in numeric t.b. 6-11. 
We have selected counter 6A as the count- 
er to add these cards although we could 
have used any six or eight position count- 
er. Since we want to list each card, this 
would be called a detail printed report. 
Should we only have wanted the total of 
these cards, the report would be called 
a "tabulation. " This operation will be 
covered in the next lesson. Figure 14 
presents the solution to this problem. 

Notes on Figure 14: 

A) All cycles is wired to list to cause the 
typebars to rise and print for each card 
passing through the machine. 

B) Information from the card (c. c. 2-6) is 
wired to the counter entry hubs of 
counter 6A. Note that the units position 
of the field is wired to the units posi- 
tion of the counter, etc. The high- 
order position of 6A is not wired to 
receive any information from the card 
as the field being added is shorter than 
the counter being used. The high order 
position of the counter will be used to 
develop the overall total. 

C) The counter is impulsed to add by wir- 
ing a card cycles impulse into counter 
6A plus. 

D) The information entering and being 
added in the counter is emitted from 
the counter exit hubs and will print in 
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numeric t.b. 6-11. Note that the in- 
formation printing at this time is ex- 
actly what was in the card. It is not a 
total or a partial total. 

E) The counter is cleared by wiring a fi- 
nal total impulse into 6A counter total 
hub. The total standing in the counter 
at this time will be emitted from the 
counter exit hubs and will print in nu- 
meric t.b. 6-11. The counter will be 
reset to zeroes. 

Exercise: Diagram the following exercise 
on the blank control panel diagrams pro- 
vided. Check your solution with the school 
solution. 

1. Detail print a report which will add c. c. 
27-30 into counter 6A, andc.c. 71-75 
into counter 6B. 

Print the total from 6 A in numeric t.b. 
1-6; the total from 6B in numeric t. b. 
8-13. 

Clear the counters using the final total 
impulse . 

Indicate the hammersplits to be raised. 


Practice Problem: 

Detail print the report illustrated in Fig- 
ure 15 using cards such as the one shown 
in Figure 16. The required control panel 
diagram is shown in Figure 17. 

Notes on Figure 17: 

A) All cycles is wired to list. 

B) Dept. No. , c. c. 14-16 is wired to print 
in numeric t.b. 1-3. 

C) Serial No., c. c. 17-21 is wired to 
print in numeric t.b. 5-9. 

D) Ded’n code, c.c. 22-23 is wired to 
print in numeric t. b. 11-12. 

E) Ded'n amount enters counter 6C. 

F) The amount being added prints in nu- 
meric t.b. 14-19. 



PAYROLL 

DEDUCTIONS 



Ded'n 

Ded'n. 

Dept. 

Serial No. 

Code 

Amount 

1 

2 0 6 

1 

3!7 5 

1 

2 0 6 

4 

4,9 2 

1 

2 0 6 

5 

1'5 0 

1 

3 42 

3 

2 ! 0 0 

1 

3 42 

5 

1'2 5 

1 

5 18 

1 

2l0 0 

1 

5 18 

4 

215 0 

1 

6 15 

2 

2 10 0 

1 

6 15 

5 

1!5 0 

1 

7 0 3 

1 

2'5 0 

1 

8 9 3 

3 

2,0 0 

1 

8 9 3 

5 

1'7 5 

1 

10 7 5 

1 

1 '2 5 

1 

10 7 5 

5 

ll2 5 

1 

12 19 

1 

1|7 5 

1 

12 19 

8 

2 '0 0 

1 

17 4 1 

5 

l|0 0 

1 

2 18 3 

1 

2,0 0 

1 

2 18 3 

3 

2 '0 0 

1 

2 18 3 

5 

ll2 5 

1 

2 4 7 0 

1 

1'7 5 

1 

2 4 7 0 

5 

112 5 

1 

2 4 9 2 

1 

1'7 5 

1 

2 4 9 2 

2 

1 1 7 5 

1 

2 4 9 2 

5 

1'5 0 

1 

2 8 9 6 

1 

1'7 5 

1 

2 8 9 6 

2 

1'2 5 

1 

2 8 9 6 

3 

2 0 0 

1 

2 8 9 6 

5 

1'7 5 

1 

3 72 0 

5 

1'5 0 

1 

3 72 0 

9 

1 O'O 0 

2 

113 

2 

1'2 5 

2 

113 

4 

12 5 

2 

113 

6 

'5 0 

2 

113 

8 

'5 0 

2 

113 

2 1 

2,0 0 

2 

8 6 7 

2 

1,1 0 

2 

13 9 6 

1 

1,2 5 

2 

13 9 6 

5 

12 5 

2 

13 9 6 

7 

i'o 0 

2 

13 9 6 

2 1 

,2 5 

2 

15 6 9 

1 

1,2 5 

2 

15 6 9 

6 

1,0 0 

2 

15 6 9 

8 

1,0 0 

2 

4 4 82 

1 

1,2 5 

2 

4 4 8 2 

2 

1|0 0 

2 

4 8 9 1 

5 

15 0 

2 

6 6 0 1 

1 

l|2 5 

2 

6 6 0 1 

8 

,5 0 

2 

6 6 0 1 

2 1 

,5 u 

2 

6 6 0 1 

2 3 

ij 0 0 

1 




1 

8 702 

i 


Figure 15. 
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Figure 16. 


G) Card cycles is wired to counter plus of 
6C to cause it to add all cards. 

H) Counter 6 C is cleared with the final to- 
tal key. 

Exercise: Diagram the following exercise 

and check your solution with the school so- 
lution. 

2. The report to be printed is shown in Fig- 
ure 18 — cards used are illustrated in 
Figure 19. This is a detail printed re- 
port. 

A) Print invoice number, c. c. 34-38 in 
numeric t. b. 1-5. 

B) Print commodity number, c. c. 62-66 
in numeric t.b. 7-11. 

C) Add item amount, c.c. 67-73 in count- 
er 8A; print your total in numeric t.b. 
13-20. 

D) Clear counter 8 A on final total. 

E) Indicate the hammersplits to be raised. 

14.2 COMPARING AND PROGRAM CON- 
TROL. 

The problems we have discussed so far in 
this lesson were those in which we were con- 
cerned about accumulating a total for a com- 


plete file of cards. This type of situation is 
the exception rather than the rule. In most 
instances, we are given a file of cards which 
have been sorted or collated into some de- 
sired sequence and we are required to ac- 
cumulate totals for many various groups 
which are in the file. For example, we would 
have a file of cards which are sorted into se- 
quence by department number (see Figure 
15) and we would want to list these cards 
and print totals by department rather than an 
overall total. 

We could accomplish this objective (get 
totals by department) merely by placing the 
cards for each department in the tabulator 
separately and after each department has 
listed, we would press the final total key. 
However, if we had hundreds or thousands of 
departments in our file, this would be a la- 
borious task. Again, we are going to ask the 
machine to do this work for us . 

In order for the tabulator to print totals 
after each department has listed, it must 
have the ability to tell when it has printed the 
last card of one department and is about to 
print the first card of the next department. 
The tabulator can do this by making use of a 
function we are all familiar with — the func- 
tion of "comparing. " I. B. M. machines can 
compare two cards and tell whether they are 
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PROOF LIST - 

SALES CARDS 

Invoice 

Commodity 


Number 

Number 

Item Amount 

12 18 3 

13 102 

1 

6 3*0 0 

12 18 4 

112 02 

3 3'2 0 

12 18 4 

2 3 3 03 

6 1 2 

12 18 4 

5 3 2 0 8 

1 9 4 0 

12 18 5 

3 2 10 4 

1 2 3j3 0 

12 18 5 

42106 

2 4 1,5 0 

12 18 5 

6 2 10 9 

1 4 5,0 0 

12 18 7 

16102 

1 5,3 0 

12 18 7 

2 110 3 

4 4.2 5 

12 18 7 

2 15 02 

2 7 7 5 

12 18 7 

4 4 10 4 

1 4l0 4 

12 19 7 

3 3 2 0 4 

1 2 317 5 

12 19 7 

5 4 10 7 

9 9 1 6 0 

12 19 8 

1 42 02 

1 3|2 0 

12 19 8 

1 42 03 

2 4i0 0 

12 19 8 

1 4 2 0 6 

1 6 1i0 0 

12 19 8 

16 10 3 

419 2 

12 19 8 

2 1103 

818 5 

12 19 8 

3 110 4 

1 1 4l7 5 

12 19 8 

3 32 02 

9 716 5 

12 19 8 

3 2 10 5 

5 12 8 

12 19 9 

6 2 110 

2 1 715 0 

12 2 0 0 

1 4 7 02 

2 710 0 

12 2 0 3 

13 102 

3 718 0 

12 2 0 3 

1 42 02 

3|5 2 

12 2 0 3 

3 17 0 3 

1 0 618 0 

12 2 0 3 

3 2 10 4 

1 019 6 

12 2 0 3 

3 5 10 4 

4 114 0 

122 03 

4 4 10 5 

1 7 114 5 

12 2 0 4 

112 02 

1 214 5 

12 2 0 4 

13 102 

2 HO 0 

12 2 0 4 

1 42 02 

1 3l2 0 

12 2 0 4 

16103 

4 10 0 

12 2 0 4 

16103 

4 10 0 

12 2 0 4 

2 3 103 

2 9 4 0 

12 2 0 4 

3 2 10 5 

118.8 0 

12 2 0 4 

6 2 110 

2 1 7|5 0 

2 4 9 6|6 4 


Figure 18 . 


equal or unequal (as can the reproducer or 
the collator.) 

Let us refer to Figure 20. The 402 tabu- 
lator has 20 comparing magnets. Remember, 
the reproducer had 45 standard magnets ( 35 
more optional ) and the collator has 16 com- 
paring magnets. Each comparing magnet 
has two entry hubs called upper (G, 25-44) 
and lower ( J, 25-44). Also, each compar- 
ing magnet has two common exit hubs, di- 
agonally arranged between the entry hubs 


( H-I, 25-44.) Comparing magnet 20 has but 
one exit hub. The upper portion of the com- 
paring exit hubs indicate the comparing mag- 
net they belong to. For example, the exit 
hubs for comparing magnet 1 are those hubs 
found at H-25 and 1-26. 

Should the information entering the upper 
comparing magnet entry be different than the 
information entering the lower comparing 
magnet entry the corresponding comparing 
magnet exits will emit impulses (called un- 
equal impulses.) This unequal impulse is 
wired to one of the program start hubs 
( F-H, 45). There are three program start 
hubs: (1) Minor, (2) Intermediate, (3) Major. 
When one of the program start hubs receives 
an impulse, it activates its corresponding 
total program exit hubs (CC-FF, 44-50). 

For example , should the minor program 
start hub receive an impulse, it would ac- 
tivate the minor total program exit hubs 
( CC-FF, 44-50). They would all emit im- 
pulses. Normally, a total program exit im- 
pulse is wired to a counter total hub to cause 
the counter to read out and print a total. 
This type of total would be known as an auto- 1 - 
matic total. 

One more point before we discuss a prob- 
lem which will illustrate comparing and pro- 
gram control. As cards pass through the 
tabulator, they first are read by the second 
reading brushes and then by the third read- 
ing brushes. At any time, except for the 
first and last card of the file, there are two 
cards being read by the 402. By wiring a 
field from second reading to one half of the 
comparing magnets and from third reading to 
the other half of the correspondingly num- 
bered comparing magnets, we can compare 
the two cards to see if the fields are the 
same or if they are different. Should they be 
different, the comparing exit hubs would emit 
an impulse which could be used to print our 
accumulated total. See Figure 21. 

Sample Problem: 

Our file of cards has been sorted into se- 
quence by department number, c.c. 7-9. 
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SALES ACCOUNTING 


ENTRY 

DATE 


MO. DAY 


0 0 
1 1 
2 2 
3 3 
44 
5 515 5 


UNIT 

COST 


0 O'O 0 0 0 0 0 O'O 0 


COST 

AMOUNT 


GROSS 

PROFIT 


COMMISSION 

AMOUNT 


INVOICE 

DATE 

INVOICE 

NUMBER 


LOCATION 

MO. 

DAY 

NUMBER 

ST. 

CITY 

0 0 

0 0 

0 0 0 0 0 

0 0 0 0 0 

0T 

0 0 0 

1 1 

1 1 

11111 

11111 

1 1 

1 1 1 

2 2 

2 2 

2 2 2 2 2 

2 2 2 2 2 

9 : 



2 9 2 


TRADE 

CLASS 


SALES 

MAN 

NO. 


QUANTITY 


COMWOOITY 

NUMBER 


ITEM 

AMOUNT 


INVOICE 

AMOUNT 


0(00 
1 1 


0 0 
1 1 
22 

3 3 

4 4 U 4 4l4 4'4 4 4|4 


1 1|1 1 1 

2 2,2 2 2 

3 3 ' 3 3 3 

I 


11 1 1 jl 1 
2 2 2 2]2 2 
3 3 3 3)3 3 


6 S 

7 7 

8 8 
9 S 

I 2l3 4 

IBM 


4 4 4i4 4 

1 

5 5 5 5'5 5 
1 

6 [6 6 i 6 6 6|6 6 6 6|6 8 


I 

5 5l5 5 5 


0 0 0 GiO 0 

1 1 1 111 1 

I 

2 2 2 2i2 2 

1 

3 3 3 3i33 

I 

4 4 4 4,4 4 

5 5 5 5)5 5 


6 6 6 6'6 6 


0 0 O'C 0 

1 

1 1 l|l 1 

2 2 2)2 2 

3 3 3,3 3l3 3;j 

I ' 

444,44.444 

1 I : 

5 5 5i5 5 5 5:5 


0 D 0 

1 1 1 


6 6 616 6 


7|7 7|7 7|7 7 7|7 7 7 7'7 7|7 7 7 7|7 7|7 7 7i7 7 


I 


I 


9!9 


I 


9 9 9'9 9 9 9 9 9 9 '9 9|9 9 9 9<9 9(9 9 9!9 9 

7 I 8 9 HO U 12(13 14 IS iBl17 18 
738375 


E 816 


7 7l7 7 7 7 7 


9 9 


19 90 21 22123 24 1 25 26 22 128 29130 31:32 33l34 35 36 3’ 38.39 40 41 42 43 


9 9 9 9 9 


7 7 7 7 7 


9 9 9 9 9 


7 7 7 


9 9|9 9 9 

44 45146 42 461 


3 3 3 2 

414 1 4 

! 

5-5 5 5 

Kl ' 

S 6 6 

7 7 7 

8 8 8 

9 9 9|9 


C 0 0 
1 1 1 
2 2 2 

3 3 3 

4 4 4 

5 5 5 
E 6 6 
7 7 7 


0 0 0 0 0 
11111 
2 2 2 2 2 

3 3 3 3 3 

4 4.4 4 4 

5 5 5 5 5 

6 6 6 6 6 
7 7 7 7 7 


9 9 9 


Is* 50 SltSZ 53 I 54 55 56 


9 9 9 9 9 

152 51 59 60 61 


0 0 0 0 
1111 
2 2 2 2 

3 3 3 3 

4 4 4 4 

5 5 5 5 
8 8 6 6 

7 7 7 7 

8 8 3 8 

9 [9 9 9 919 9 9 9 9'9 5 

62163 64 65 66162 66 69 23 71122 23 ! 


0 0 0 0 o;o 0 

1 

1 1 1 1 in 1 

1 

2 2 2 2 2i2 2 

3 3 3 3 3'3 3 

4 4 4 4 4)4 4 

5 5 5 5 5!5 5 

1 

6 6 6 6 6:6 6 
7 7 7 7 7'7 7 


0 0 0 0 010 0 

1 

1 11 1 111 1 

1 

2 2 2 2 2>2 2 

3 3 3 3 3'3 3 

4 4 4 4 4'4 4 

5 5 5 5 5)5 5 

6 6 6 G 6 ! 6 6 

7 7 7 7 70 7 

I 


9 9 9 0 2i9 9 

24 75 75 77 76' 19 £3 


Figure 19. 
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Column 50 



We are to detail print a report with totals 
by department. To identify the total, we 
have decided to print an asterisk symbol 
(*) immediately to the right of each total. 
A sample of this report is shown below: 


reading (c. c. 7-9), one or more of the 
comparing magnets being used will 
emit an unequal impulse from its exit 
hubs. This impulse will be taken into 
Minor Program Start. At the end of 
this card cycle, card reading will stop, 
and the 402 will take a total cycle as 
the minor total program exit hubs will 
be activated. 

E) c. c. 7-9 are wired to print in numeric 
t.b. 1-3. 

F) c.c. 64-70 are wired to counter entry 
of 8A. 

G) The counter exit hubs of 8A are wired 
to numeric t.b. 5-12 to print the in- 
formation adding from the cards and 
all of our totals. 


3t. No. 

Amount 

123 

657 24 

123 

26 50 

123 

457 87 


1141 61* 

126 

10 00 

126 

345 80 


355 80* 


The required control panel diagram is 
shown in Figure 22. 

Notes on Figure 22: 

A) As this is a detail printed report, all 
cycles is wired to list. 

B) c. c. 7-9 are wired from second reading 
to the upper half of comparing magnets 
1-3. 

C) c.c. 7-9 are wired from third reading 
to the lower half of comparing magnets 
1-3. Note at this point that third read- 
ing could be wired to either the upper 
or lower half of the comparing magnets 
as could second reading. 

D) The common comparing exit hubs for 
comparing magnets 1-3 are joined to- 
gether. Should the card at second 
reading differ from the card at third 


H) Counter 8A is wired to add all cards. 

I) When a change in department number 
is sensed by the machine by the com- 
paring magnets (D), an unequal impulse 
is sent to minor program start. This 
will activate the minor total program 
exit hubs. At this point, card reading 
will stop — a total cycle will be taken 
by the machine — counter 8A will re- 
ceive an impulse which will cause it to 
read out its contents from its exit hubs 
and reset to zeroes. 

J) The impulse used by the machine to 
cause an asterisk (*) to print is emit- 
ted by* the machine at the time totals 
are printed. Refer to BB-GG, 41. 
Here we have 6 hubs. They are all 
labelled (* Symbol) and are further de- 
fined as F, 1, 2, 3, 4, All. The F hub 
emits an impulse when the final total 
key is depressed; the 1 hub emits an 
impulse when minor total program 
exits are activated; the 2 hub emits an 
impulse when intermediate total pro- 
gram exits are activated; the 3 hub 
emits an impulse when major total pro- 
gram exits are activated; the 4 hub is 
special, we will ignore it; the All hub 
emits an impulse for every type of total 
cycle: minor, intermediate, major or 
final. 
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An asterisk (*) symbol will be found in 
every odd-numbered numeric typebar. 
The even numbered numeric typebars 
contain a"CR" symbol. For our prob- 
blem, we wire the 1 * symbol hub to 
numeric t.b. 13 to cause the asterisk 


to print. We must also raise the ham- 
mer split lever for this typebar. 

Sample Problem: 

We are to prepare a detail printed report, 
like the one shown in Figure 23 from cards 
such as the sample presented in Figure 24. 



PURCHASE ANALYSIS BY 

VENDOR 


Vendor No. 

Vendor Name 

i 

Invoice Amount. 

L 

Discount 

Amount To Pay 

117 9 

ABBOT BRASS 

9 8,1 3 

1|9 6 

| 

9 6 |l 7 

117 9 

ABBOT BRASS 

2 5,0 0 

1 2 3|1 3 * 

|5 0 

2 1 4 6 v 

1 

2 4,5 0 

1 2 0|6 7 * 

118 0 

ABRAMS COAL 

2 7 7|3 5 

8<3 1 

2 6 9 04 

118 0 

ABRAMS COAL 

3 0 OiO 0 

1 0'5 0 

2 8 9,5 0 

• 

5 7 7|3 5 * 

1 8 1 8 1 * 

1 

5 5 8,5 4 * 

118 1 

ACE INS CO 

1 8 5 0 

1 

1 8 ! 5 0 

118 1 

ACE INS CO 

1 1 8,02 

1 3 6,5 2 * 

1 

1 

1 1 8,0 2 

1 3 6 5 2 * 

| 

12 8 1 

AMER STEEL 

82|3 5 

lib 5 

8 0 1 7 0 

12 8 1 

AMER STEEL 

1 8 2|3 4 

316 2 

1 7 8'7 2 

12 8 1 

AMER STEEL 

2 7|2 5 

2 9 1 9 4 * 

15 5 

5 1 8 2 * 

2 6*7 0 

2 8 6'1 2 * 

| 

2 17 9 

APAL LUM CO 

2 2 4'0 0 

4|4 8 

2 1 9i5 2 

2 17 9 

APAL LUM CO 

1 4 313 0 

3 6 7|3 0 * 

2 18 7 

713 5 * 

| 

1 4 0|4 3 

3 5 9,9 5 * 

3 0 7 6 

BARR MACH 

l 

3 0 1 5|2 7 

3 0 1 5|2 7 * 

1 5 0'7 7 

1 5 0*7 7 * 

1 

2 8 6 4|5 0 

2 8 6 4,5 0 # 

6 19 5 

B R WILLIAMS 

2 7665 

1 

3 |l 5 

2 7 6 J 6 5 

6 19 5 

BR WILLIAMS 

1 0 4|5 1 

1 0 1,3 6 

6 19 5 

B R WILLIAMS 

3 7,6 5 

1 1 ? 

3 6,9 C 

6 19 5 

B R WILLIAMS 

3 1 0,5 2 

7 2 9,3 3 * 

1 

6 2 1 

10 11# 

3 0 4 '3 1 

7 1 912 2 * 

1 

1 9 2 8 5 

COVTRY OIL 

18 0 15 

1 

?! 60 

176 55 

1 9 2 8 5 

COVTRY OIL 

8 3 1 4 4 

2 6 3j5 9 * 

16 7 

5j2 7 * 

8 1,7 7 

2 5 8 [3 2 # 


Figure 23. 


Three fields are to be added — invoice 
amount, discount and amount to pay. We 
are interested in obtaining totals by vendor 
(vendor number is called our "control 
group. ") Figure 25 is the required con- 
trol panel diagram. 


Notes on Figure 25: 

A) All Cycles is wired to list. 

B) Vendor number (a numeric field) is 
wired to print from alphamerical type- 
bars 27-31. 
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teas 


o.o o|o:o olo o o o o 


vntnwAfiBRf viiTiGN I vcno inv no out mv no Turn 


, i OftCfg NO 


VENDOR iBBREV'AIlwN 


T 


|J‘: hum I uml f.NV PI ITEM mr| nwoyj.; -o par 


HRPOR IHtf. ha. I OUR IKV NO. 


ACCOUNTS PAYABLE 


00000000000 


111 1 


■>r 


ENTRY 

DATE 


313 3 

t 

4|4 4 
5|5 5 

s!e g| 




g; DAY 


INVOICE 

DATE 


3.3 3 
M 4 

I 

5;5 5 
6,6 6 


11111 


VENDOR 

NUMBER 


3 3 3 3 3 

4 4 4 4 4 

5 5 5 5 5 
S 6 6 6 6 


1111111111 


VENDOR 

ABBREVIATION 


37333333333 

44444444444 

55555555555 

66666660666 


PAYABLES DISTRIBUTION 


79 7 


7:7 7 


DATE I DATE 


9;9 9|9 9 9 

1 4 ' 4 £ 


7 7 7 7 7 


VENDOR 

NUMBER 


9 9 9 9 9 

I 6 S 10 II 


77777777777 


VENDOR 

ABBREVIATION 


99999999999 


0 0 0 0 0 5 


|23 24 25 2S 27 JO 29 30 31 32 33| 

11111111111 


VENDOR 

INVOICE 

NUMBER 


3 3 3 3 3 3 

4 4 4 4 4 4 

5 5 5 5 5 5 

6 6 6 6 6 6 
7 7 7 7 7 7 


VENDOR 

INVOICE 

NUMBER 


".CIO! OR HIM ABQUHI 


0 0 0 0 0 


OUR 

INVOICE 

NUMBER 


3 3 3 3 3 

4 4 4 4 4 

5 5 5 5 5 

6 6 6-6 6 
7 7 7 7 7 


OUR 

INVOICE 

NUMBER 


9 9 9 9 9 919 9 9 9 9 


0000000000000000 
|3< 35 3EI 37 39 39 40 41 424344 4S4S47 4B 4>| 
1111111111111111 


o.o 0 o.o : 


SC SI 52| 

H 1 


§, DAY 


5555555555555555 
66E6666E66E66666 
777777777777777 7 


9 9 


GEN. 

IECC. 


SUB 

LECG. 


ACCOUNT NO. 


9 9 9 9 9 9 


IBM 786336 


12 13 14 IS IS 17 IS IS 23 21 22123 24 25 26 27 2BI29 20 31 32 33l34 35136 37 3839 40 41 


9 9 9 


ORDER 

NUMBER 


9 9 9 9 9, 


DATE 

PA1D_ 

[3 3 3 
444 

5 5 5 

6 6 6 
7 7 7 


DEPT. 

USING 


,53.54 SSI 

1'1 1 


lOA.V 


DUE 

_D*TE_ 

3 1 33 


4'4 4 

i 

5'5 5 


6 >6 6 

i 

VI 7 


DAY 


DUE 

DATE 


GG000 


55 5 ' '.3 59 60j 61 S3 


11111 


DISCOUNT 


3 3 3 3 3 

4 4 4 4 4 

5 5 5 5 5, 

6 6 6 6 8 

7 7 7 7, 


QUANTITY 


9 9 913:8 919 S 9 9 9 


42 43 44l45 4$ 47 48 49lS0 SI 52.53 54 5SI5S 57 SB 59 Sol 


0 0 


1 1 


1 


RWOURI 70 RAf | QiTRiL 


0 0:0 0 O'O Ol 


63 64,65 SS 67,51 5*70 71,77 73 74' 75 76 


1 1'1 111 1 


INVOICE 

AMOUNT 


3 3,3 3 3,3 3 
' 1 

44 , 444,4 4 

, 1 

5 5,5 5 5^5 5 

6 6'6 6 6'6 6 
77 '7 7 7 7 7 


ITEM AMOUNT 


9 9;9 9 9:9 9 

63 64 65 66 67 68 69!' 


0 0:0 0 0,0 0 : 


1 M 1 M 1 


AMOUNT 
TO PAT 


3 3,3 3 3,3 3 


4 4|4 4 4,4 4 

, , 

5 5;5 5 5;5 5 

6 6|6 6 6'6 6 

7 7,7 7 VI 7l7 7 7 7 

8 8i9 8 6,8 gjs 8 8 8 

9 9,9 9 9, 9 gig 9 9 9 

70 71 77 77 74 75 76177 79 79 60. 


0 0 0 0 
77 71 75I0| 
1111 


DETAIL 


3 3 3 3 

4 4 4 4 

5 5 5 5 

6 6 6 6 


Figure 24. 


C) Vendor name (an alphabetic field) is 
wired to print from alphamerical type- 
bars 33-43. 

D) The invoice amount is wired to add in 
counter 8A. 

E) Discount amount is wired to add in 6B. 

F) Amount to pay is wired to add in 8B. 

G) All three counters are wired to add 
from every card. 

H) The field "vendor number" is wired 
from second and third reading into the 
comparing magnets. 

I) The unequal impulse is wired to minor 
program start. 

J) When a change in vendor number is 
recognized, the minor total program 
exit hubs will emit impulses and cause 
counters 6B, 8 A and 8B to clear. 

K) Information being read from cards, and 
all totals , will come out of the counter 
exit hubs to selected typebars. 

L) We are required to print asterisks in 
three places. The "1" hub is wired to 
a set of four common hubs called "bus" 
hubs. This same impulse is now avail- 


able from all of these hubs and is wired 
to the selected odd-numbered typebars. 

Exercise: Diagram the following exercise 

and then compare your solution to the school 

solution: 

3. We are to print a "cost of sales" report 
as shown in Figure 26 from cards such 
as the one shown in Figure 27. 

A) Print commodity number in alphamer- 
ical t.b. 33-37. Commodity number is 
our minor control group. 

B) Print unit cost in alphamerical t.b. 
39-43. 

C) Quantity is to be added in counter 6C 
and printed in numeric t. b. 1-5. 

D) Sales amount is to be added in counter 
8A and printed in numeric t.b. 7-13. 

E) Cost amount is to be added in counter 
6B and printed in numeric t.b. 17-22. 

F) Gross profit is to be added in counter 
8B and printed in numeric t. b. 24-29. 

G) Print asterisks in numeric typebars 15 
& 31. 

H) Indicate the hammersplit levers to be 
raised. 
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Solution to exercise 1. 
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Solution to exercise 2. 
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GLOSSARY 


Asterisk (*) Symbol — this symbol is usual- 
ly printed on the same line as a total merely 
to facilitate identifying the total line as the 
report is being read. 

Automatic Total — a total of this type is 
printed when any of the three program start 
hubs receives an unequal impulse. This type 
of total is not caused by the operator but by 
control panel wiring to our comparing mag- 
nets. 

Bus Hubs — there are two sets of four com- 
mon hubs each. They are used when multi- 
ples of the same impulse are required. 

Card Cycles — these hubs emit an impulse 
for every card being read. They do not emit 
at the time totals are being printed. 

Carry — when the total in a counter wheel 
exceeds nine, a one is carried to the counter 
wheel at its left. 

Control Group — a term used to denote the 
field we are comparing. 

Clear — a term which means to cause a 
counter to emit its total and reset to zeroes. 

Counter — a device consisting of a group of 
wheels used to accumulate information. 

Counter Entry — those hubs which receive 
the information to be accumulated. 


Counter Exits — those hubs which emit the 
information being accumulated and all totals. 

Manual Total — a total which is printed by 
some action on the part of the operator (such 
as pressing the Final Total key). 

Program Start Hubs — hubs which will ac- 
cept unequal impulses to cause their corres- 
ponding total program exit hubs to become 
activated. 

Plus Hubs — each counter has a set of plus 
hubs which, when impulsed, cause the count- 
er to add the information entering the count- 
er entry hubs. 

Total Hubs — each counter has a set of total 
hubs which, when impulsed, cause the total 
standing in the counter to read out (be emit- 
ted) after which the counter is reset to ze- 
roes. 

Total Program Exit Hubs — the minor, in- 
termediate and final total program exit hubs 
are activated when their corresponding pro- 
gram start hubs receive an unequal impulse. 
The final hub is activated when the operator 
pressed the final key. They are normally 
wired to counter total hubs to cause the 
counter to clear. 

Unequal Impulse — when the comparing mag- 
nets recognize a change in the control group, 
an impulse is emitted from the comparing 
exit hubs. 
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EXAMINATION -LESSON 14 


) 


1. The term "low order" applies to the 
of a counter. 

A. left-most position 

B. right-most position 

C. tens position 

D. All the above are incorrect 

2. "Card cycles" emits 

A. for every machine cycle 

B. for total cycles only 

C. for every card being read 

D. when counters clear 

3. Final total is sometimes called — 

A. automatic total 

B. manual total 

C. counter total 

D. total program 

4. To add information — 

A. third reading is wired to counter exit 

B. all cycles is wired to counter plus 

C. card cycles is wired to counter plus 

D. third reading is wired to counter 
entry and card cycles is wired to 
counter plus 

5. The total hub of a coun ter when impulsed 
will cause that counter to — 

A- add 

B. clear 

C. detail print 

D. all the above are correct 

6. A «even position total can be accumu- 
lated in counter — 

A. 6A 

B. 4C 

C. 8A 

D. 2D 


7. There are how many counter groups: 

A. 20 

B. 80 

C. 16 

D. 3 

8. There are how many comparing magnets: 

A. 20 

B. 16 

C. 2 

D. 80 

9. Which of the following statements istrue. 

A. Third reading can be wired to the 
typebars to list information. 

B. Third reading can be wired to count- 
er entry to add information. 

C. Third reading can be wired to the 
comparing magnets for comparing. 

D. All the above are true. 

10. How many asterisk symbol exit hubs are 
there — 

A. 8 

B. 5 

C. 4 

D. 6 

Answer the following questions true or false. 
If True mark an X in Box A; if False, mark 
an X in Box B. 

11. Bus hubs are common hubs. 

12. It is impossible to compare a field that 
is also being printed. 

13. Comparing exits emit impulses when 
their comparison is equal. 
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14. Asterisk symbols are in every odd- 
numbered numeric typebars. 

15. The hammersplit levers for every type- 
bar printing an asterisk must be raised. 

16. Totals must be printed in the numeric 
typebars. 

17. Minor, intermediate and major totals 
are called automatic totals. 


18. The unequal impulse from comparing 
exit is normally wired to counter total 
hubs to cause counters to clear. 

19. Program total exit hubs are activated 
when their corresponding program start 
hubs are impulsed. 

20. Information which enters counter entry 
is available from counter exit only if 
that counters plus hub had been impulsed 
from card cycles. 
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15. 1 GROUP PRINTING 

The types of exercises and problems dis- 
cussed so far in the 402 portion of this train- 
ing program have all been of the "detail 
printed" nature — every card passing through 
the machine is printed. Figure 1 illustrates 
a typical detail printed report with totals by 
Vendor Number. 

There are many situations where we are 
interested only in obtaining totals for each 
control group - and we are not interested in 


having all the detail which is contained in the 
cards printed on the report. In these situa- 
tions we prepare whatwe call a group printed 
or "tabulated" report. Figure 2 presents'our 
"Purchase Analysis by Vendor" in tabulated 
form. 

Note that in a tabulated report, we get to- 
tals for each control group and also informa- 
tion which identifies or describes the total. 
This information is called "indicative infor- 
mation." In this case, vendor number and 
vendor name are the indicative information. 



PURCHASE ANALYSIS BY VENDOR 


Vendor No. 

Vendor Name 

i 

Invoice Amount 

k. 

Discount 

Amount To Pay 

117 9 

ABBOT BRASS 

9 8jl 3 

1| 9 6 

( 

9 6 1 7 

117 9 

ABBOT BRASS 

2 5,0 0 

12 3 1 1 3 * 

1 5 0 

2 1 4 6 # 

2 4 [ 5 0 

1 2 0,6 7 * 

118 0 

ABRAMS COAL 

2 7 l\i 5 

8'3 1 

2 6 9 0 4 

118 0 

ABRAMS COAL 

3 0 0i0 0 

5 7 7|3 5'* 

1 0 1 5 0 

1 8 1 8 1 * 

1 

2 8 9,5 0 

5 5 8 1 5 4 * 

118 1 

ACE INS CO 

1 8 5 0 

1 

1 8 5 0 

118 1 

ACE INS CO 

1 1 8,0 2 

1 3 6,5 2 * 

1 

1 * 

1 1 8,0 2 

1 3 6 5 2 * 

| 

12 8 1 

AMER STEEL 

82^3 5 

ll6 5 

8 0 1 7 0 

12 8 1 

AMER STEEL 

1 8 2|3 4 

316 2 

1 7 8'7 2 

12 8 1 

AMER STEEL 

2 7|2 5 
291,94 * 

15 5 

5 i 8 2 * 

2 6'7 0 

2 8 6'1 2 * 

| 

2 17 9 

APAL LUM CO 

2 2 4'0 0 

4(4 8 

2 1 9i5 2 

2 17 9 

APAL LUM CO 

1 4 313 0 

3 6 7|3 0 * 

2 18 7 

713 5 * 

i 

1 4 0|4 3 

3 5 9,9 5 * 

3 07 6 

BARR MACH 

3 0 1 5|2 7 

3 0 1 5|2 7 * 

1 5 0'7 7 

1 5 0'7 7 * 

1 

286450 

2 8 6 4,5 0 * 

6 19 5 

B R WILLIAMS 

2 7665 

1 

3 '1 5 

2 7 6|6 5 

6 19 5 

BR WILLIAMS 

1 0 4,5 1 

101,36 

6 19 5 

B R WILLIAMS 

3 7,6 5 

! 75 

3 6 9 0 

6 19 5 

B R WILLIAMS 

3 1 0,5 2 

7 2 9,3 3 * 

1 

6 2 1 

1 o'l 1 * 

i 

3 0 4 '3 1 

7 1 912 2 * 

1 

1 92 8 5 

COVTRY OIL 

1 8 o'l 5 

1 

3 6 0 

1 7 6 5 5 

1 9 2 8 5 

COVTRY OIL 

8 3 ' 4 4 

2 6 3 1 5 9 * 

l'6 7 

5 '2 7 * 

8 1,7 7 
25832* 


Figure 1. 
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PURCHASE ANALYSIS BY VENDOR 

Vendor No. 

Vendor Name 

A 

Invoice Amount 

i 

Discount 

Amount To Pay 

117 9 

118 0 
118 1 
12 8 1 

2 17 9 

3 0 7 6 

6 19 5 

1 9 2 8 5 

2 9 5 2 1 

3 6 5 1 2 

ABBOT BRASS 
ABRAMS COAL 
ACE INS CO 
AMER STEEL 
APAL LUM CO 
BARR MACH 

BR WILLIAMS 
COVTRY OIL 

EL TRUST CO 
HASK SUPP 

12313 

5 7 7 3 5 

1 3 & 5 2 
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Figure 2. 


How does a detail printed report differ 
from a group printed report? In a detail 
printed report every card prints as well as 
all totals . In a group printed report, only 
the first card of each control group prints, 
and then its totals print along side of the in- 
dicative information. 

Figure 3 is a diagram of the control panel 
required to prepare our detail printed report 
as shown in Figure 1. We can change this dia- 
gram to give us a group printed report. 

1. When group printing, we do not want 
every card to print. Therefore, we re- 
move the wire from All Cycles to List. 
Now the machine will automatically 
print a line for the first card of each 
control group as well as our totals. 

2. When the 402 recognizes a group print 
situation, it causes the first card of 
each control group to print. This is 
perfectly all right for our indicative in- 
formation, but it creates a problem in 
all of our amount fields. For example, 
the invoice amount in our first card is 
9813. This will print as the first card 
passes through the machine. However, 
the total for vendor 1179 will print on 
the same line as the indicative infor- 
mation for this vendor. This total 


(12313) will print right over the amount 
(9813) making it impossible to read ei- 
ther amount. Obviously, if we are only 
interested in totals, we do not want any 
of the detail amounts to print. How 
then, do we prevent the detail amount 
from printing for the first card of each 
control group? 

We know that when information enters 
counter entry and the counter is im- 
pulsed to add, that the information is 
available from the counter exit hubs. 
There is an internal connection between 
counter entry and counter exit at this 
time. Well, we still want information 
to enter the cdunter since we do want 
to add. However, we want to prevent 
this information from printing. In other 
words, we want to break the internal 
connection which is established between 
counter entry and counter exit. 

For each counter group there is a pair 
Of common hubs called counter exit 
suppression, (Y-Z, 51-66). When coun- 
ter exit suppression receives an im- 
pulse, the internal connection between 
counter entry and counter exit is bro- 
ken. At this time, information which 
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enters counter entry will add but it will 
not print. 

3. For each of our counters, we wire from 
card cycles to counter exit suppres- 
sion. Information entering the count- 
ers will add but it will not print. Since 
card cycles does not emit at total time, 
our totals will print. For the first card 
of each control group then, the vendor 
number and vendor name will print. 


The machine spaces automatically after 
it prints the total. 

4. In review - to prepare a control panel 
for a group printed report, we follow 
all the principles we have learned to 
date — except: (a) all cycles is not 
wired to list; (b) all counters which are 
used have card cycles wired to counter 
exit suppression. 

5. When group printing, the 402 will op- 
erate ata rate of 150 cards per minute. 
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Figure 4. 


SAMPLE PROBLEM: Figure 4 illustrates 
a group printed report and Figure 5 the card 
used to run the report. This report is a tab- 
ulation of cost of sales by commodity num- 


ber. Commodity number (the control group) 
and unit^cost are our indicative information. 
The balance of the report is to be accumu- 
lated in counters. 
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Figure 6 is the control panel diagram re- 
quired for this problem. 

Notes on Figure 6: 

A) Commodity number is wired to our 
comparing magnets from second and 
third reading as this is our control 
group. The unequal impulse is wired 
to minor program start. 

B) Commodity number (which is to be 
printed) is wired to alpha, t. b. 33-37. 

C) Unit cost (which is to be printed) is 
wired to alpha, t. b. 39-43. 

D-G) Quantity, sales amount, cost amount 
and gross profit are wired to counters 
6A, 8A, 8B, & 8D. The exits for tnese 
counters are wired to numeric t.b. 1-5, 
8-15. 17-24, & 26-33 


H) All four counters are wired to add each 
card. 

I) All four counters are suppressed to pre- 
vent any information from reaching the 
typebars at the time the counter is add- 
ing. 

J) All four counters are cleared when the 
machine recognizes a change in com- 
modity number . At this time our totals 
will print. 

EXERCISE: Diagram the control panel to 
produce the report shown in Figure 7. The 
card used is shown in Figure 8. A correct 
school solution will be found in the back of 
this lesson. Note that the control group is 
customer number & invoice number com- 
bined. 


ACCOUNTS RECEIVABLE 

REGISTER 

Custome r 

Invoice 

Invoice Date 


Number 

& 

Number 


Invoice Amount 


1 2 2 1 3 

■ n - 

1 

1 0 3 8]7 1 


1 2 2 2 0 

12 110 

6 2 0i3 4 


1 2 2 5 4 

1 2 | 1 6 

2 0 8 413 8 

' 

1 2 2 8 8 

12,22 

| 

5 2 9|6 6| 
| 

3 0 7 6 

9 2 2 1 1 

12 1 9 

72 4i7 0 

3 0 7 6 

9 2 2 2 3 

1 2 ' 1 0 

9 8 1'3 0 

3 0 7 6 

9 2 2 8 9 

1 2 ' 2 2 

2 2 4 5|5 0 

3 0 7 6 

9 2 3 0 5 

12,24 

1 1 5 9i2 0 

1 

4 12 3 


1 

1 2 i 2 0 

5 8 4'9 9 

4 12 3 


12,28 

1 1 9 l|6 5 

l 

6 19 5 

1 2 2 6 0 

i 

12 17 

1 

1 

1 1 2 4*6 1 

1 

1 

7 7 92 

EB9 

12 1 1 0 

1 

6 2 418 5 

1 

8 0 6 2 


12 | 9 

1 

4 2 2 '2 4 

8 0 6 2 

1 2 2 6 8 

12 2 0 

6 0 2l0 5 

8 0 6 2 

12 2 72 

12 12 0 

5 2 1 11 1 

1 

8 2 5 7 

12 18 5 

1 

12 3 

1 

6 4 0|5 9 

8 2 5 7 

1 2 3 0 0 

12 1 2 5 

i 

3 6 9 10 3 

1 

1 0 72 3 


12 16 

1 

3 3 8 jo 8 

L 


6 


Figure 7. 
















| ; ; accounts receivable 



/ 

ENTRY 

DATE 

Z 

CUSTOMER NAME 

INVOICE 

DATE 

INVOICE 

NUMBER 

CUSTOMER 

NUMBER 

LOC 

ATION 

TRADE 

CLASS 

CJ 

z 

SALES 

MAN 

NO 

DATE 

PAID 

I 

DISCOUNT 

ALLOWED 

r 

AMOUNT 

PAIO 

INVOIC 

— 

E 

M0 

DAY 

5 

MO 

DAY 

ST. 

CITY 

M0 

DAY 


AMOUNT 

> 

z 

0 0 

0 0 

0 

|TF 

0000000000000000000000 

0 0 

0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 

0 0 0 

0 0 0 

0 0 

0 0 0 

o~o 

Fo 

0 

0 

o o o;o o 

0 0 0 OiO 0 

0 0 0 0 O'O 0 


a 

J- 

O 

1 1 

1 1 

1 

1 1 

1111111111111111111111 

i i 

1 1 

11111 

11111 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 1 

1 i 

i t 

1 

i 

i i i|i i 

1 

1 1 1 111 1 

1111 

1 

h 1 


o 

z 

2 2 

2 2 

2 

2 2 

2222222222222222222222 

2 2 

2 2 

2 2 2 2 2 

2 2 2 2 2 

2 2 

222 

2 2 2 

2 2 

2 2 2 

2 2 

2 2 

2 

2 

2 2 212 2 

1 

2 2 2 2l2 2 

1 

2 2 2 2 2|2 2 


a 

3 

H- 

u 

3 3 

3 3 

3 

3 3 

3333333333333333333 










3 3 3 

3 3 

3 3 

3 

3 

1 

3 3 313 3 

1 

3 3 3 313 3 

3 3 3 3 3 J 3 3 


Lk 

3 

z 

4 4 

4 4 

4 

4 4 

4444444444444444444 










4 4 4 

4 4 

4 4 

4 

4 

1 

4 4 4|4 4 

1 

4 4 4 4,4 4 

4 4 4 4 414 4 


2 

— j 

5 5 

5 5 

5 

5 5 

5555555555555555555 










5 5 5 

5 5 

5 5 

5 

5 

1 

5 5 5i5 5 

5 5 5 5[5 5 

1 

5 5 5 5 5|5 5 


a 

LU 

66 

6 6 

6 

6 6 

6666666666666666666 










6 6 6 

6 6 

6 6 

6 

6 

i 

666166 

R fi R R * R 6 


1 


s 

7 7 

7 7 

7 

7 7 

7777777777777777777777 

7 7 

7 7 

7 7 7 7 7 

7 7 7 7 7 

7 7 

7 7 7 

7 7 7 

7 7 

7 7 7 

7 7 

7 7 

7 

7 

1 

7 7 717 7 

7 7 7 7 J 7 7 

7 7 7 7 717 7 



8 8 

8 8 

8 

8 8 

8888888888888888888888 

8 8 

8 8 

8 8 8 8 8 

8 8 8 8 8 

8 8 

8 8 8 

8 8 8 

8 8 

8 8 8 

8 8 

8 8 

8 

8 

8 8 818 8 

8 8 8 8 1 8 8 

1 

8 8 8 8 818 8 



9 9 

9 9 

9 

9 9 

9999999999999999999999 

9 9 

9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 

9 9 9 

999 

9 9 

9 9 9 

9 9 

9 9 

9 

9 

1 

9 9 913 9 

1 

9 9 9 919 9 

1 

Q Q Q Q Q iQ Q 


L 


IBM 738 

9 10 1) 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 
372 

30 31 

32 33 

34 35 36 37 38 

39 40 41 42 43 

44 45 

46 47 48 

49 50 51 

52 53 

34 55 56l 57 59 

59 60 

61 


63 64 65<C6 67 

68 69 70 Ml 72 73 

74 75 76 77 7a 

175 ?0 



Figure 8. 


15.2 SUBTRACTION 

The 402 can perform two arithmetic func- 
tions - addition and subtraction. Where a 
problem involves addition only, the totals 
standing in our counters must always be pos- 
itive. Should the problem involve both addi- 
tion and subtraction, the result could be pos- 
itive and it could also be negative. Assume 
that we were using an 8 -position counter for 
both addition and subtraction. If at the time 
the counter were cleared and it contained the 
positive number 00657863, it would print as 

657863 (the hammersplit levers would pre- 
vent the high-order zeroes from printing). 
However, should the counter contain the neg- 
ative number 00657863, it would print as the 
"nines complement" of this number or as 
99342136. The nines complement of a num- 
ber is that number subtracted from a string 
of nines. 

99999999 

-00657863 

99342136 

Should a counter be negative at the time it 
is ready to clear, we would want to do two 
things : 

1. We would want to convert the nines 
complement which is standing in the 
counter to a positive figure: we do this 
by wiring the counter's "Negative Bal- 


ance Test Exit" hub (AA, 51-66) to its 
"Negative Balance Control” hub, (BB- 
CC, 51-66).' Should the total standing 
in the counter be negative, the 402 will 
execute a "conversion" cycle and con- 
vert the nines complement to a true 
positive figure. 

2. After the conversion cycle, the total 
standing in the counter appears as a 
positive (true) total. We would want to 
identify this total as a negative total 
(since this is what it actually is) . When 
a counter is converted, its "CR Symbol 
Exit" hub (FF, 51-66) emits an im- 
pulse. This impulse is normally wired 
to the even-numbered numeric typebar 
closest to the total. Every even-num- 
bered numeric typebar contains the 
symbol"CR". We know that every odd- 
numbered numeric typebar contains the 
symbol "*". 

Note here that we convert nines comple- 
ment figures because they are difficult to 
read. We are accustomed to reading true 
figures. 

When does a counter subtract? A counter 
subtracts when (1) information enters the 
counter, and (2) the counter's "minus" hubs, 
(U-V, 51-66) receive an impulse to subtract. 
Whenever a counter subtracts, it does so 
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using the nines complement method. A char- 
acteristic of this method is that it always 
leaves the total standing in the counter as 
"one short." For example, assume that the 
contents of a counter are 006789+ and it is 
told to subtract the number 345. It actually 
adds the nines complement of 345 or 999654. 
What happens : 

006789 

+ 999654 

(1) 006443 

The actual answer should be 006444 (sub- 
tract 345 from 006789 yourself). Note that 
there is a carry of "1" which is exactly the 
digit we need to correct our total. This "1" 
is added to the units position of our counter 
internally by wiring the "Cl" hub (DD, 51-66) 
or the counter to its "C" hub, (EE, 51-66). 

Let us state the rules for wiring counters 
which are being used to subtract as well as 
add: 

1 . To convert the nines complement total 
to a true total, wire the Negative Bal- 
ance Test Exit hub of the counter to its 
Negative Balance Control. 

2. Identify the total by wiring the CR Sym- 
bol Exit hub to an even-numbered nu- 
meric typebar. 

3. Wire the Cl Carry Exit hub of the count- 
er to its C Entry Hub. 

4. The counter subtracts when informa- 
tion enters the counter and counter 
"minus" is impulsed. 

A practical problem involving subtraction 
would be one where certain cards only are 
subtracted from a counter and other cards 
are added in that same counter. Before we 
can develop a problem of this nature, we 
should first discuss the topic of 402 selectors 
which permit us to distinguish between types 
of cards. 

15. 3 USE OF PILOT SELECTORS 

There are three types of selectors in the 
402: (1) pilot selectors, which will be dis- 


cussed here; (2) digit selectors, to be dis- 
cussed in the next lesson; and (3) Co-select- 
ors, to be discussed in a later lesson. 

Pilot selectors (E-M, 51-66) are so named 
because as you will see later one of their uses 
is to "pilot," or control, other selectors. 
There are 16 pilot selectors in the 402, each 
of which has two positions. If you recall, the 
552 Interpreter had two selectors, each of 
which had ten positions. Each of our 402 se- 
lectors has three types of pickup hubs; (re- 
member, the 552 selector had one type of 
pickup hub (X -pickup). The three types are: 

1. XPU - (X Pick Up) - these hubs will ac- 
cept an X or 12 impulse ONLY and 
cause the selector (both positions) to 
transfer on the following machine cy- 
cle. We know that the most common 
method of distinguishing between types 
of cards is to use an X control punch. 
This X control punch is normally read 
from a card when that card is passing 
second reading and when wired to the 
XPU hub of a pilot selector will cause 
that pilot selector to transfer when 
that card is passingthird reading(this 
is the next card cycle). 

2. DPU - (Digit Pick Up) - each pilot se- 
lector has aDPUhub.This hub will ac- 
cept any impulse and cause the selector 
to transfer one machine cycle later. 

3. IPU - (Immediate Pick Up) - this hub 
will accept any impulse and cause the 
selector to transfer immediately(for the 
balance of that same machine cycle.) 

Let us review our rules of selection: 

1. When a selector is normal, there is an 
internal connection between the select- 
or 's Common (C) and Normal (N) hubs. 

2. When a selector is transferred, there 
is an internal connection between the 
selector's Common (C) and Transfered 
(T) hubs. 

3. The selector drops out (returns to a 
normal condition) after every machine 
cycle. 
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SAMPLE PROBLEM: Let us look at a 
problem which will incorporate a subtraction 
process together with the use of pilot select- 
ors. 

We are going to prepare a detail printed 
report called an Accounts Receivable Regis- 


ter. Figure 9 illustrates the report and Fig- 
ure 10 the cards used. 

This report contains cards representing 
sales and returns. Returns are distinguished 
from sales by an"X"punch in c.c. 78. Sales 
are added, returns are subtracted. 
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Figure 10. 


Figure 11 represents the solution to this 
problem. 


Notes on Figure 11: 

A) Customer number is wired to print. 
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B) Month and day are wired to print. 

C) Invoice amount enters counter 8B. 

D) All cycles is wired to list as this is a 
detail printed report. 

E) Invoice number is wired to print. 

F) Amounts being added or subtracted as 
well as all totals will come out of count- 
er exit. 

G) Customer number wired for program 
control. The unequal impulse is wired 
to minor program start. 

H) Card column 78 from second reading is 
wired, to the XPU hub of pilot selector 
2. Should a card contain an X78 (a re- 
turn card) this selector will transfer 
when the X78 card is passing under 
third reading. 

I) Card cycles is wired to the common hub 
of pilot selector 2. For all sales cards 
(NX 78) this selector will be normal and 
the card cycles impulse will enter 
counter plus. For all return cards, this 


selector will be transferred and the 
card cycles impulse will enter counter 
minus . 

J) Negative balance test exit is wired to 
negative balance control to convert any 
minus totals to a true rather than a 
complement amount. Also, Cl of count- 
er 8B is wired to the C hub of 8B to give 
us the required carry for proper sub- 
traction results. 

K) Counter 8B is cleared with a minor 
program exit. 

L) The CR symbol exit hub emits an im- 
pulse (1) every time the counter sub- 
tracts ; (2) when the counter is convert- 
ed at total time. This impulse when 
wired to an even-numbered numeric 
typebar will cause the symbol CR to 
print. 

M) As asterisk (*) is printed in numeric 
t. b. 31 to identify the total line. 

N) Hammersplit levers are raised for all 
typebar s that print CR or * symbols. 


ACCOUNTS PAYABLE CASH REQUIREMENTS REGISTER 

Vendor No. 

Vendor Name 

Invoice No. 

i 

Due 

Date 

l 

Amount to Pay 

117 9 
117 9 

ABBOT BRASS 
ABBOT BRASS 

A B 2 5 7 6 

C M 0 0 8 5 

1 

213 1 
213 1 

i 

i 

1 

9 6'1 7 

2 4 5 0 CR 

7 16 7 * 

118 0 
118 0 

ABRAMS COAL 
ABRAMS COAL 

14 8 6 

15 73 

2*3 1 
2*3 1 

1 

i 

2 6 9 0 4 

2 8 9^5 0 

5 5 8|5 4 * 

118 1 
118 1 

ACE INS CO 
ACE INS CO 


2l3 1 

2 [3 1 

1 

1 8|5 0 

118 02 

1 3 6,5 2 * 

12 8 1 
12 8 1 
12 8 1 

AMER STEEL 
AMER STEEL 
AMER STEEL 

1 2 5 7 9 

1 4 6 9 7 

1 5 4 4 4 

23 1 
213 1 
213 1 

1 

8 o|7 0 

1 7 8'7 2 

2 6'1 0 

2 8 6jl 2 * 

2 17 9 

2 17 9 

APAL LUM CO 
APAL LUM CO 

3 5 14 8 

3 5 3 93 

2|3 1 
2|3 1 
■ 1 

2 1 9|5 2 

1 4 0|4 3 

3 5 9|9 5 * 

3 0 7 6 

BARR MACH 

4 4 4 4 4 

2l3 1 

1 

2 8 6 415 0 

2 8 6 4i5 0 * 

1 


Figure 12. 
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Figure 13 . 


EXERCISE: Diagram the control panel re- 
quired to produce the report shown in Figure 
12. The card used is shown in Figure 13. A 
correct school solution will be found in the 
back of this lesson! Credit cards have an X 


punch in c.c. 63. Use counter 8C to accu- 
mulate your amount field. The invoice num- 
ber field shown is the vendor's invoice num- 
ber, c.c. 23-28. This is a detail printed 
report. 


NOTE: When a pilot selector receives an impulse into its X-pick- 
up hub, it will transfer at the beginning of the next machine 
cycle and stay in the transferred state for one card cycle. 
This means that if a total cycle (s) intervenes between the 
time the selector receives the pickup impulse and the next 
card cycle, the selector will be transferred during the 
intervening total cycle(s) and for the following card cycle. 
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GLOSSARY 


C Carry Entry Hub - This hub is connected Indicative Information - This type of data is 

to the Cl Carry Exit hub of its counter when- printed alongside of totals in a group-printed 

ever that counter is used for subtraction. report to identify each total. 


Cl Carry Exit Hub — This hub is normally 
wired to the C Carry Entry hub of its count- 
er whenever that counter is used in subtrac- 
tion. It emits a "1" which is added to the 
units position of the counter. 


Minus Hub — Each counter has a set of two 
common hubs which, when impulsed, cause 
the counter to subtract the information en- 
tering it. 


Conversion Cycle — When a counter is im- 
pulsed to clear and it contains a negative 
(complement) total, the 402 takes a cycle to 
convert this complement total to a true total. 

Counter Exit Suppression - Whenever these 
hubs receive an impulse, they prevent any in- 
formation from coming out of their corres- 
ponding counter exit hubs. 

CR Symbol — Both of these letters are con- 
tained in every even-numbered numeric type- 
bar. They are usually printed to indicate 
that the total they correspond to is a negative 
(minus) total. 

DPU Hub - Each pilot selector has a DPU 
hub. This hub will accept any impulse and 
transfer the selector for the next card cycle. 

Group Printing - The type of report where 
totals only are printed for each control group 
along with selected pieces of indicative in- 
formation. 

IPU H ub — This selector pick-up hub will ac- 
cept any impulse and transfer the selector 
immediately for the balance of that card 
cycle . 


Negative Balance Control Hub - When this 
hub receives an impulse (from negative bal- 
ance test exit) it converts the total standing 
in the counter from a nines complement to a 
true total. 


Negative Balance Test Exit - When a counter 
is negative and it receives an impulse to 
clear, this hub emits an impulse before the 
counter clears to cause a conversion cycle 
to take place and convert the nines comple- 
ment total in the counter to a true total. 


Nines Complement — The nines complement 
of a number is the result of subtracting that 
number from a string of nines. For example, 
the nines complement of 67548 is 32451. 

Tabulation — This is the same as a group- 
printed report. 

Total Time — The time required to execute 
the total cycle. 

XPU Hub - This pilot selector pick-up hub 
will accept "12" or "x" impulses only to 
transfer the selector for the next card cycle. 
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EXAMINATION -LESSON 15 


Refer to Figure 14 and answer the fol- 
lowing questions True or False. If 
True, mark an X in Box A; if False, 
mark an X in Box B. 

1. c.c. 25-30 is our control group 
and is wired correctly. 

2. The field in c.c. 32-40 is wired as 
if it were a numeric field. 

3. This is a group printed report. 

4. The fields in c. c. 25-30 and 32-40 
would be called indicative informa- 
tion fields. 

5. Counter 6A will add c.c. 47-50 
from X 15 cards only. 

6. Pilot selector 4 will be transferred 
at the time X 15 cards are passing 
the third reading brushes . 

7. Counter 8A is wired to add c.c. 
18-22 from X 15 cards only. 


8, Detail information and totals will 
print from 8A numeric t. b. 15-22. 

9. Counter 8B will add c.c. 75-80 
from NX 15 cards and subtract c.c. 
75-80 from X 15 cards. 

10. Counter exit suppression of count- 
er 8B should be wired from card 
cycles. 

11. Counter 8B is wired correctly for 
subtraction. 

12. The counters are being cleared 
correctly. 

13. A CR symbol will print from nu- 
meric t.b. 32 whenever counter 
8B is converted. 

14. An asterisk will print in numeric 
t.b. 33 with the intermediate totals. 

15. The proper hammersplit levers 
are indicated. 


16 



IBM 402,403 ACCOUNTING MACHINES, CONTROL PANEL DIAGRAM 



Figure 14. 


ih 01 cnod 


(7-61:20M-S) 



